Abstract. Land cover changes may cause a disturbance in the water cycle, the consequence of which is an increase in the volume of stormwater runoff. In such a situation, the use of traditional stormwater systems leads to a number of problems, including the hydraulic overload of these systems and the deterioration of rivers. Therefore, stormwater management clearly affects the quality of life in a particular area. In order to facilitate effective stormwater management, the paper identifies and assesses factors that impact the sustainability of stormwater systems. Using the premises of PESTLE analysis, these factors were categorized as Political, Economic, Social, Technological, Legal, or Environmental. Assessments from an expert team were also used to identify elements that are crucial for the development of innovative solutions for stormwater management.
Introduction
Water management, which includes the design and planning as well as the operation and management of individual components [1] is one of major determinants of the quality of life in a particular area [2] . Among others, it encompasses the disposal of rainwater which is a valuable source of water for non-potable purposes on the one hand [3, 4] , and a source of numerous problems on the other [5, 6] . The problems may be related to roof rainwater quality [7] , the stormwater system and the area where it is located [8, 9] or the receiving water body [10] . Social costs resulting from these problems are, in turn, particularly evident in strongly urban areas [11] . Therefore, measures need to be taken to improve the efficacy of the management of stormwater generated within urban catchment basins and the safety [12] of the systems.
Although the recent trend for reducing the negative environmental impact of technologies [13] [14] [15] could also be observed in stormwater management [16] [17] [18] , the possibilities for further developments are limited in this area. This is due to the lack of detailed analyses identifying and assessing criteria that determine the approach to stormwater management. In response to this issue, the article identifies factors of key importance for the sustainability of stormwater management systems. Individual factors are also evaluated for their importance for proper stormwater management. The PESTLE analysis, i.e. a foresight evaluation tool, was chosen as the study method.
Methods
PESTLE facilitates identification and classification of external factors impacting the study subject into Political, Economic, Social, Technological, Legal, and Environmental issues [19] . The tool is usually used for evaluation of organizations and factors that impact their functioning [19] ; however, it may also prove useful in verification of processes or technologies, i.e. in the broadly defined environmental engineering [20, 21] .
The procedure of the PESTLE analysis, carried out as part of the study presented in this article, is outlined in Figure 1 . The first stage consisted in the identification of factors that impact the sustainability of stormwater management systems and in the classification of these factors into six categories. The stage was based on a brainstorming approach following the analysis and synthesis of knowledge within a team of experts. Next, on the basis of guidelines identified in the reference [22] , three factors of highest importance for the sustainability of stormwater systems were identified in each group. Surveys were developed to assess the impact and uncertainty of each of these expert-identified factors. The surveys were based on the 7-point Likert scale. The Impact/Uncertainty grid [23] was constructed on the basis of survey outcomes. The analysis of the grid facilitated identification of factors that are of the highest importance for the sustainability of stormwater systems as well as the key areas of uncertainty. 
Stormwater Best Management Practices
Stormwater Best Management Practices (BMPs) are based on the concept of managing stormwater within the catchment basins in which it is generated or on the flattening of the hydrograph of its outflow into the receiving body of water. In the former case, facilities for surface or underground infiltration of stormwater into the soil or rainwater harvesting systems may be used [24] [25] [26] . If the above solutions are not recommended, retention facilities may be used [27] [28] [29] , including basins comprising an element of stormwater treatment plants [30] .
The use of these facilities is proecological as it brings about numerous benefits to the environment, the operators of stormwater systems, and the residents of catchment areas alike.
Identification and classification of factors
The first stage of the analysis consisted in the identification of factors that determine the possible sustainability of stormwater systems. As determined by a team of 15 experts representing stormwater system research, construction, and operation specialists, as well as residents of the areas being drained, all factors were classified into the following categories. 
Political factors (

Selection and assessment of factors
In order to eliminate elements with a negligible impact on the stormwater systems, the expert team carried out an initial preselection of all factors. Factors with the highest importance for the sustainability of the systems being studied were identified within each of the groups (Fig. 2 ). The identified factors were then taken into account in surveys held among the members of the expert team. Each expert assessed each case in terms of its uncertainty and impact on the subject using a 1 to 7 scale. "1" corresponded to a very low mark while "7" corresponded to a very high mark. Figure 3 presents the averaged assessment of factors as obtained in the survey study. The orange line indicates the global average for all elements, while the blue line indicates the average values within individual factor groups. As shown in the study, economic factors were found to play a key role in the sustainability of stormwater systems as assessed by the expert team. The potential impact of these factors was estimated at 5.20 (Fig. 3a) . Environmental factors (5.07) and political factors (5.02) were also above the average value (4.97). The lowest importance was ascribed to social factors (4.78). However, it must me noted that the total score for social factors is only 8% lower than that for economic factors showing that all categories have a significant impact on the analysed problem. Larger differences were observed in relation to the uncertainty of the analysed elements (Fig. 3b) . The highest notes were ascribed to legal (4.20) , political (4.13), and social factors (4.07). Technological factors were judged most certain as evidenced by the uncertainty score of 3.11, with global average of 3.71. Figure 4 presents the results of surveys regarding the potential impact of individual factors on the sustainability of stormwater systems. Black horizontal lines illustrate the ranges of responses obtained for individual factors while blue and red dots indicate arithmetic means. Red dots are used for factors with the highest scores within particular categories. Vertical orange line presents the global average for all elements included in the study. The bar chart presents the share of the highest scores (6 and 7) in all responses. The presented results suggest little diversity of the perceived impact of individual categories. Out of all eighteen factors included in the analysis, the highest scores were ascribed to: Availability of stormwater BMPs adequate to match the size, landform, and characteristics of the area to be drained (T2), The level of administrative obstacles in the implementation of stormwater BMPs (P3) and The cost of construction of innovative stormwater BMPs (Ec1). The average scores of these factors were above 5.25, and none of the experts considered them to be insignificant. Scores above 5.00 were also ascribed to economic factors (Ec2, Ec3), the environmental factor The condition of stormwater, the receiving body of water, and the area to be drained (En2) and the legal factor The scope of requirements regarding the area development plans (L1). The lowest score (4.53) was ascribed to the legal factor The scope of requirements regarding the environmental impact of stormwater infrastructure (L3). Figure 4 , presents the results of surveys pertaining to the uncertainty of individual factors within a time frame of the nearest 20 years. The presented results show a significant variation of scores both within individual groups and at the global level. The highest uncertainty score was ascribed to the social factor Willingness to cooperate between different groups of stakeholders in the decision--making process related to the choice of a stormwater discharge system (S1) and to the political factor Innovative stormwater BPMs support strategies (P1), with average scores of 5.10 and 5.00, respectively. The highest certainty was ascribed to the technological factor Availability of stormwater BMPs adequate to match the size, landform, and characteristics of the area to be drained (T2), reflecting the broad scope of available solutions for sustainable stormwater systems. The results of the impact and uncertainty surveys were placed within the Impact/Uncertainty Grid shown in Figure 6 . The factors that are marked in red, including The scope of requirements regarding the area development plans (L1), The scale of public support and the availability of other funds for the construction of stormwater BMPs (Ec2), and Innovative stormwater BPMs support strategies (P1), are critical uncertainties. The remaining elements located above the orange line corresponding to the average global impact of factors may be considered predetermined elements as defined in [23] . Factors located below the orange line are secondary elements [23] . 
Conclusions
As shown by the analysis, factors that are often marginalized or completely neglected are of key importance for the sustainability of stormwater systems. Although the importance of economic factors has been known for a long time, the importance of such elements as the promotion of innovative stormwater BMPs or area development plans taking into consideration the implementation of such solutions is usually disregarded. Therefore, focus should be placed on the education and social promotion of sustainable methods of stormwater management. Only this approach would result in increasing the degree of their implementation in urban catchment basins and thus in improving the efficacy of stormwater management in urban areas. Fig. 6 . The Impact/Uncertainty Grid.
